Cyanobacteria are photosynthetic prokaryotic algae that use a desaturation system to synthesize unsaturated fatty acids, as do eukaryotic plants (11) . Although a gene for cyanobacterial desaturation has been identified (20) , the characteristics of the electron-donating system that is required for cyanobacterial desaturation have not yet been clarified. Since the structure and the lipid composition of cyanobacterial and chloroplast thylakoids are similar (11, 19) , one might assume that Fd, Fd-NADP+ oxidoreductase, and NADPH constitute the electron-donating system for the desaturation of fatty acids in cyanobacteria. This system in cyanobacteria is clearly also of particular interest from an evolutionary standpoint.
In this communication, we report the characteristics of the desaturation in vitro of fatty acids in thylakoid membranes isolated from the cyanobacterium Synechocystis sp. strain PCC6803, from which the gene for desaturation of fatty acids has been isolated as mentioned above. We demonstrate that the desaturation in this system depends on Fd.
Growth conditions. Synechocystis sp. strain PCC6803 was grown photoautotrophically at 34°C in BG-11 medium as described previously (21) . In order to accelerate the desaturation activity, cultures were transferred from 340C to 220C * Corresponding author.
during the exponential phase of growth. After incubation overnight at 22°C, the cells were used for isolation of thylakoid membranes.
Isolation of membranes. A total of 750 ml of cultures at a chlorophyll concentration of approximately 3 jig ml-' was centrifuged at 8,000 x g for 10 min. The sedimented cells were resuspended in 80 ml of a medium that contained 50 mM 3-(N-morpholino)propanesulfonic acid-KOH (MOPS-KOH; pH 7.5) and 10 mM MgCl2, and the suspension was centrifuged at 8,000 x g for 10 min. The collected cells were finally resuspended in a 10-ml volume of 50 mM MOPS-KOH (pH 7.5), 300 mM sorbitol, and 10 mM MgCl2 that also contained 50,000 U of catalase (C 3155; Sigma, St. Louis, Mo.). All of the above steps were carried out at room temperature, but the subsequent preparation of membranes was performed at 0 to 4°C. The suspension was gassed with argon and mixed with an equal volume of glass beads (G 8893; Sigma), and then the cells were disrupted by agitation five times (1 min each with intervals of 1 min) on a vortex mixer (Vortex-Genie; Scientific Industries, Biochemia, Bohemia, N.Y.) operated at maximum speed. Glass beads were removed by centrifugation of the suspension at 2,000 x g for 1 min. The supernatant was then centrifuged at 8,000 x g for 10 min to remove unbroken cells. The resultant supernatant, containing membranes, was placed on a discontinuous sucrose gradient which was made in a 14-ml tube by layering the following solutions of sucrose: 2 ml of 55% sucrose, 2 ml of 40% sucrose, and 1 ml of 15% sucrose in 50 mM MOPS-KOH (pH 7.5)-10 mM MgCl2. After centrifugation for 20 min at 200,000 x g, the top 8 ml of the gradient, corresponding to the loading zone, was removed by aspiration. A green fraction containing thylakoid membranes was apparent at the interface between the layers of 40 and 55% sucrose. This fraction was withdrawn with a Pasteur pipette and was immediately used for the assay of desaturation activity. Concentrations of protein and chlorophyll were determined by the methods of Bradford (4) and Arnon et acyl-ACP and acyl-CoA were 2.0 to 2.1 MBq ,umol-1. The reaction mixture was incubated for 4 h at approximately 250C, and then the lipids were extracted from the mixture and analyzed by thin-layer chromatography as described previously (1, 16, 17) . Methyl esters prepared from MGDG and the free fatty acid (FFA) fractions were analyzed isocratically on a radio-high performance liquid chromatography (radio-HPLC) system as described previously (1, 16, 17) . Hydrogenation of fatty acid methyl esters was carried out by the method of Appelqvist (2). Lyso-MGDG was prepared according to the method of Fischer et al. (6) from MGDG that had been isolated from the cells of Synechococcus sp. strain PCC7942 by digestion with a lipase from Rhizopus delemar (Boehringer Mannheim, Mannheim, Germany).
For examination of the desaturation in vitro of fatty acids in thylakoid membranes, the thylakoid membrane lipids that are good substrates for desaturases must be labeled in situ (14, 15) . Chen et al. (5) reported that the membrane fraction of Anabaena variabilis has an acyl-ACP:lyso-MGDG acyltransferase activity that catalyzes the transfer of the acyl moiety from acyl-ACP to lyso-MGDG. If the same enzyme is present in the thylakoid membranes of Synechocystis sp. strain PCC6803, it should be possible to label MGDG with [1-14C] acyl-ACP and lyso-MGDG. Figure 1 shows the results of attempts at the incorporation of acyl groups from either acyl-ACP or acyl-CoA into lipid classes. When either 18:0-ACP or 18:1-CoA was used as a substrate (Fig. 1A and  C) , most of the radioactivity was recovered in the MGDG fraction, and only a small proportion of the radioactivity was detected in the FFA fraction. The extent of incorporation of 18:0 into the MGDG fraction was much reduced in the absence of lyso-MGDG (Fig. 1D ). When 18:0-CoA was used as a substrate, only a small proportion of radioactivity was detected in MGDG and FFA fractions even in the presence of lyso-MGDG (data not shown). These results indicate that the thylakoid membranes of Synechocystis sp. strain PCC6803 are capable of transferring acyl groups from both 18:0-ACP and 18:1-CoA to lyso-MGDG. It is likely that this acyl-transfer reaction is catalyzed by an acyl-ACP:lyso-MGDG acyltransferase that is present in the thylakoid membrane fraction (5) . It is worth noting that acyl groups were transferred from both 18:0-ACP and 18:1-CoA to lyso-MGDG and not only from acyl-ACP as was the case for A. variabilis (5) . In addition, when 18:1-ACP was used as a substrate, most of the radioactivity was recovered in the FFA fraction and not in MGDG (Fig. 1B ). In correlation with the possible occurrence of acyl-ACP hydrolase activity in cyanobacterial thylakoid membranes, this observation requires further investigation. Figure 2 shows the results of analysis of the desaturation of 18:0 and 18:1 in the MGDG of the thylakoid membranes.
When MGDG was labeled with [1-14CJ18:0-ACP and methyl esters were analyzed after the incubation, 18:0 and 18:1 were detected on the chromatograms of fatty acid methyl esters ( Fig. 2A and B) . When the purified radioactive 18:1 methyl ester was subjected to hydrogenation and rechromatographed, only one radioactive peak, with the retention time of 18:0 methyl ester, was observed. These results suggest (Fig. 2C) , but the extent of desaturation was insignificant in the absence of Fd (Fig.  2D) . The results of the present study demonstrate that the thylakoid membranes of Synechocystis sp. strain PCC6803 contain 18:0 and 18:1 desaturases and that the reduced form of Fd is required as an electron donor for the desaturation of 18:0 and 18:1.
Omata and Murata (12) compared the fatty acid composition of lipids in thylakoid membranes with that in plasma membranes from Anacystis nidulans and found that they were very similar. Omata and Murata also demonstrated that the synthesis of monoglucosyl diacylglycerol takes place in both types of membrane from A. nidulans (13) . At present, we do not know whether desaturases are located only in thylakoid membranes or in both thylakoid and plasma membranes. Our newly developed system for assays of desaturases in vitro should help us answer this question.
